Group living is an important component of the social biology of numerous rodent species. For the past 2 decades, efforts to understand the ecological factors associated with group living in rodents have focused on subterranean taxa, in particular African mole-rats of the family Bathyergidae. Comparative analyses of the habitats occupied by solitary and social bathyergids suggest that group living occurs when the combined effects of sporadic rainfall, hard soils, and patchily distributed food resources render energetic costs of burrow excavation prohibitive for lone individuals. To determine whether these variables were associated with group living in other subterranean taxa, we characterized ecological differences between a solitary and a social member of a phylogenetically independent lineage of subterranean rodents, the Ctenomyidae. Specifically, we quantified soil conditions and spatial distributions of food resources for 1 population each of the solitary Patagonian tuco-tuco (Ctenomys haigi) and the group-living colonial tuco-tuco (C. sociabilis), both of which occur in the Limay Valley of southwestern Argentina. Our analyses revealed that while members of both species occurred in relatively mesic mallin habitats, only C. haigi also occurred in arid steppe habitat. No differences in spatial distributions of food resources were found between study sites. Significant differences in soil conditions, however, were detected; soils from steppe habitat were significantly harder to penetrate than soils from mallin areas, suggesting that costs of burrow excavation may be higher for the solitary C. haigi. Thus, data from ctenomyids in the Limay Valley are not consistent with explanations for group living developed for bathyergid mole-rats. Although ecological comparisons of ctenomyids over larger spatial scales are required, our data suggest that interactions between ecology and group living in subterranean rodents may be more diverse than previously realized.
A fundamental aspect of social behavior is the tendency for conspecifics to live in groups. Although rodents exhibit a wide variety of social systems, one distinction that frequently emerges during comparative behavioral studies of these animals is the difference between solitary and social species (e.g., Armitage 1981; Blumstein and Armitage 1998; Ebensperger 1998; Ebensperger and Cofré 2001; Lacey 2000; Michener 1983 ). In general, adults in solitary taxa * Correspondent: ealacey@socrates.berkeley.edu live alone, with little spatial overlap among conspecifics. In contrast, members of social species live in discrete groups, within which there is extensive spatial overlap among adults. Because group living is necessary for the evolution of some forms of cooperation and conflict (Hoogland 1995; Lacey and Sherman 1991; Parrish et al. 1997; Sherman et al. 1995) , interactions among conspecifics may differ substantially between solitary and social species.
Although the distinction between solitary and social is not absolute (Lacey 2000; Lee 1994; Lidicker and Patton 1987) , a dichotomous classification scheme provides a useful 1st approximation for comparative studies of ecological variables associated with group living. Conceptual analyses of group living in rodents and other animals have long addressed the role of ecological variables in promoting sociality. For example, Alexander (1974) identified 2 inherent costs and 3 typical benefits to group living, all of which were ecological in nature. More recently, efforts to understand group living have focused on the ecological conditions thought to favor natal philopatry, the process by which groups form in many social species (Emlen 1982; Koenig et al. 1992; Solomon 2003) . The fundamental nature and broad taxonomic applicability of the variables identified by these analyses suggest that social species are likely to share similar ecological attributes. How general are ecological explanations for group living? During the past decade, several papers have explored the ecological bases for group living in rodents. A recent review of communal nesting (Hayes 2000) summarized hypotheses that have been proposed to explain nest sharing but did not attempt to evaluate their applicability to specific taxa. Ebensperger (2001) also reviewed hypotheses to explain group living and, on the basis of an extensive literature survey, concluded that benefits of natal philopatry as well as constraints on natal dispersal contribute to rodent sociality. Taking a more quantitative approach, Ebensperger and Cofré (2001) examined 3 hypotheses regarding group living among New World hystricognaths using the method of independent contrasts; these authors concluded that reduction of burrowing costs provided the best explanation for the taxonomic distribution of sociality in these animals. Finally, Barash (1973) and others (e.g., Armitage 1981 Armitage , 1999 Kokko and Lundberg 2001) have argued that a combination of life-history variables (e.g., body size) and environmental factors (e.g., short active season) favor natal philopatry and the formation of social groups. To date, however, few field studies have tested directly the applicability of these hypotheses across multiple rodent species.
SOCIALITY IN AFRICAN MOLE-RATS: THE ARIDITY-FOOD DISTRIBUTION HYPOTHESIS
Among rodents, the ecology of sociality has been examined in the greatest detail for African mole-rats (Bathyergidae), the lineage that includes the naked mole-rat (Heterocephalus glaber). Naked mole-rats and, more recently, Damaraland (Cryptomys damarensis) and common mole-rats (C. hottentotus), have received considerable attention because of the complex patterns of social cooperation they exhibit (Bennett and Faulkes 2000; Jarvis 1981; Sherman et al. 1991) , which parallel those of some eusocial insects (Jarvis 1981; Jarvis and Bennett 1993; Sherman et al. 1995) . Not all bathyergids, however, are social; although group living occurs in H. glaber and all members of the genus Cryptomys studied to date, the remaining genera (Heliophobius, Georychus, Bathyergus) are characterized by solitary lifestyles (Bennett and Faulkes 2000; Jarvis and Bennett 1991) .
This variation in social behavior, combined with the geographic distribution of solitary versus social bathyergids, provides an ecological explanation for group living in these animals that has become known as the aridity-food distribution hypothesis. The aridity-food distribution hypothesis argues that the energetic cost of burrow excavation determines whether a species of mole-rat is social (Bennett and Faulkes 2000; Jarvis et al. 1994; Lacey and Sherman 1997) . Costs of burrow excavation, in turn, are determined largely by 3 ecological variables: rainfall, soil conditions, and food-resource distributions. Specifically, the aridity-food distribution hypothesis asserts that in mesic habitats characterized by soft soils, predictable periods of rainfall, and evenly distributed and moderatelysized food resources, the energetic cost of excavating tunnels is low enough that solitary animals can successfully locate new food resources. In contrast, in more arid habitats that are characterized by hard soils, sparse unpredictable precipitation, and patchily distributed but locally abundant food resources, tunnel excavation is only energetically feasible when soils have been recently softened by rain. Given this limited window of opportunity for burrow expansion, only animals that live in groups are able to tunnel far enough to reach new food resources before drying of the soil again prohibits burrow excavation.
Several lines of evidence support the argument that group living in bathyergid mole-rats is associated with life in arid regions characterized by hard soils and patchy but locally abundant food resources. First, interspecific comparisons of habitats in which solitary and social mole-rats occur have revealed that group size is related negatively to geophyte density but positively to unpredictability of rainfall (Faulkes et al. 1997) . Second, although intraspecific comparisons revealed no significant differences in group size between populations of common mole-rats (C. hottentotus) from arid and mesic habitats in South Africa (Spinks et al. 2000a) , natal philopatry was more prevalent at the arid site, as predicted by the aridity-food distribution hypothesis (Spinks et al. 2000b ). Finally, long-term field studies of the social Damaraland molerat (C. damarensis) indicate that larger groups are better able to survive extended periods of drought (Jarvis et al. 1998) , providing a potential benefit to group living in unpredictable environments. Collectively, these data have led to widespread acceptance of the hypothesis that sociality among African mole-rats is associated with harsh arid environments. During the past decade, the aridity-food distribution hypothesis has come to dominate discussions of group living in these animals (Bennett and Faulkes 2000; cf. Burda et al. 2000; Lacey 2000; Lacey and Sherman 1991) .
Although the aridity-food distribution hypothesis provides a compelling conceptual link between arid environments and group living, it does not address the ecological correlates of social variation in more mesic habitats. Jarvis et al. (1994) report that while solitary species of mole-rats are limited to benign habitats in which opportunities for burrow expansion are relatively unconstrained, social species occur in both mesic and arid habitats. Analyses of molerat behavior, however, have emphasized the evolution of eusociality (Bennett and Faulkes 2000; Jarvis et al. 1994; Lacey and Sherman 1997) , which is associated with arid habitats (Jarvis et al. 1994) . Consequently, discussions of the aridity-food distribution hypothesis have focused on differences between arid and mesic habitats rather than variable ecological conditions within mesic areas that may favor group living in some species. As a result, it is unclear whether behavioral differences among mole-rats in mesic areas reflect variation in the same ecological variables identified by the aridity-food distribution hypothesis or whether they are associated with a distinct set of environmental factors. Comparative studies of solitary and social bathyergids from mesic areas are needed to resolve this issue and to assess the ability of the aridityfood distribution hypothesis to provide a comprehensive explanation for group living among African mole-rats.
SOCIALITY IN OTHER SUBTERRANEAN RODENTS
What are the ecological correlates of group living in other subterranean rodent taxa? The term ''subterranean'' is itself an ecological designation applied to rodents that live virtually their entire lives in underground burrows which, typically, they excavate themselves Nevo 1979 ). The rodent taxa traditionally recognized as subterranean include members of 20 genera distributed among 5 families, including 4 subfamilies of murids . Although phylogenetically and biogeographically diverse, subter-ranean rodents have long been assumed to share numerous ecological and life-history traits associated with life in underground burrows (Nevo 1979) . Because of this fundamental convergence in lifestyles, environmental conditions that restrict burrowing opportunities may lead to group living in otherwise varied species of subterranean rodents.
Sociality is uncommon among subterranean rodents. Outside of the Bathyergidae, group living has been suggested for only 6 of the more than 120 species of rodents typically recognized as subterranean (Lacey 2000) . Quantitative evidence of burrow sharing by adults is available for only 2 of these species, the colonial tuco-tuco (Ctenomyidae: Ctenomys sociabilis) and the coruro (Octodontidae: Spalacopus cyanus- Lacey 2000) . Because ctenomyids, octodontids, and bathyergids represent distinct rodent clades (McKenna and Bell 1997) , group living in each family should represent an independent evolutionary origin for sociality. Thus, comparative studies of social representatives from these lineages provide an ideal opportunity to assess the generality of ecological explanations for group living among subterranean rodents.
Here, we use comparative data obtained from field studies of the group-living colonial tuco-tuco (C. sociabilis) and its solitary congener, the Patagonian tuco-tuco (C. haigi), to explore ecological correlates of sociality among ctenomyids. Although they are not sister species (E. A. Lacey in litt.; cf. Lessa and Cook 1998), both C. sociabilis and C. haigi occur in the Limay Valley in southwestern Argentina, which is characterized by arid, steppe grassland punctuated at irregular intervals by wet meadows known as mallines. Annual precipitation in the Limay Valley (ϳ600 mm) is similar to that reported for mesic-habitat populations of the common mole-rat (C. hottentotus), studies of which have been used to test the aridity-food distribution hypothesis (Spinks et al. 2000a (Spinks et al. , 2000b . Given this precedent and given that the aridity-food distribution hypothesis represents the predominant explanation for group living among subterranean rodents, we use this hypothesis as a starting point for our investigation of ctenomyid ecology. Specifically, we examine soil conditions and food-resource distributions for the populations of C. sociabilis and C. haigi that are the focus of our ongoing behavioral research (Lacey et al. , 1998 . If the aridity-food distribution hypothesis is applicable to ctenomyids, we expect that the group-living C. sociabilis should be associated with harder soils and more patchily distributed resources. More generally, if current ecological factors influence sociality in these animals, significant differences in habitat parameters should be evident between study sites.
MATERIALS AND METHODS
Study populations of tuco-tucos.-The population of colonial tuco-tucos (C. sociabilis) studied was located on Estancia Rincon Grande, Provincia Neuquén, Argentina (40Њ56ЈS, 71Њ03ЈW). The study population of Patagonian tuco-tucos (C. haigi) was located on Estancia San Ramón, Provincia Río Negro, Argentina (40Њ56ЈS, 71Њ03ЈW). All members of both populations had been live-trapped annually since 1996. Both trapping records and radiotelemetry data confirmed that members of the study population of C. sociabilis are social, with burrow systems inhabited by 1-6 adult females and, in many cases, an adult male (Lacey 2000; . In contrast, trapping and telemetry data indicated that members of the study population of C. haigi are solitary, with only a single adult per burrow system (Lacey et al. 1998) .
Despite the difference in locality names, the 2 study populations were located less than 500 m apart, on opposite shores of the Río Limay. Weather conditions at the 2 sites were identical, allowing us to ignore differences in rainfall as a potential ecological influence on the behavior of these species. Instead, we focused our attention on possible interspecific differences in soil conditions and distributions of critical food resources.
Soil sampling and analysis.-Multiple soil attributes are likely to influence the energetic cost of burrow excavation. Moisture content can sig-nificantly affect burrowing costs for bathyergid mole-rats (Lovegrove 1989) . Soil texture also may be important; extremely soft, sandy soils may be costly to manipulate because they tend to collapse into the tunnel being excavated (Bennett and Faulkes 2000) . Dense soils require excavation of a greater mass per unit volume, which may increase the cost of burrowing (Vleck 1979) . Finally, soil penetrability, a measurement of the force that must be exerted to penetrate soil to a given depth, provides an indication of soil hardness; hard soils (i.e., those that are difficult to penetrate or shear) require that greater force and, thus, greater energy be exerted to insert incisors or claws into the soil (Vleck 1979 (Vleck , 1981 . Although the soil attributes examined are interrelated and do not represent a direct measurement of energetic costs of burrow excavation, together they provide an index of the relative difficulty of burrow excavation.
To characterize soils inhabited by our study populations, soil samples were collected at each study site during 14-17 December 1999. A minimum of 10 samples per site were obtained. Sampling localities were identified using a computer-generated list of random Cartesian coordinates. Each corresponding point on the study site was then located; only those points occurring within 2 m of an active tuco-tuco burrow were used as sampling localities. Soil samples were obtained by excavating a hole (ϳ0.5 by 0.5 by 0.3 m) at each sampling locality. To assess soil moisture content, soil removed from the lower one-third of the hole was placed in 3 small aluminum cans that were then tightly sealed to prevent evaporation before analysis. About 1 kg of excavated soil was collected for analyses of particle-size composition. Soil density was determined by inserting a brass cylinder into 1 vertical wall of the excavated hole; removal of the cylinder resulted in a soil sample of known volume that was transferred to a plastic bag for immediate measurement of sample mass. Finally, soil penetrability was measured by inserting a hand-held penetrometer (Lang Penetrometers, Jackson, Mississippi) into the soil at 4 points on the bottom of the excavated hole; measurements of penetrability from the same hole were averaged for subsequent analysis.
Analyses of soil characteristics were performed by M. L. Lanciotti of the Laboratorio de Suelos at the Instituto Nacional de Tecnología Agropecuraria (INTA) in Bariloche, Argentina.
Within 3-4 days of sample collection, the soil in each aluminum collection can was weighed, oven-dried to a constant weight, and then reweighed to calculate percentage moisture content. Soil density was calculated by dividing the sample weights obtained in the field by the volume of the brass cylinder used to collect the sample. Soil particle-size composition was determined by sifting a known mass of soil through a series of 8 sieves of decreasing mesh size (2-2,000 m mesh); the percentage of the total mass of the sample trapped by each sieve was determined and those values were averaged across samples from the same study site.
Food-distribution analyses.-Tuco-tucos are herbivores that feed primarily on surface-growing vegetation (Busch et al. 2000) . Our behavioral observations indicated that C. sociabilis and C. haigi forage by opening a burrow entrance and then cropping surface vegetation growing within roughly 1 body length of that entrance. Although the nature of the food resources consumed by these animals is quite different from that reported for social bathyergids (Brett 1991; Busch et al. 2000) , both tuco-tucos and African mole-rats must excavate tunnels to reach new food patches. Thus, distributions of critical food resources may substantially affect the amount of tunneling by members of our study populations.
To assess the effects of this variable on the behavior of our study animals, we characterized the spatial distribution(s) of the predominant food item(s) consumed by each study population. Microhistological analyses of fecal samples (Holechek and Vavra 1981; Vavra and Holechek 1980) collected from members of each population indicated that the primary dietary item for all C. sociabilis sampled was the grass Poa pratensis (E. A. Lacey and M. Manacorda, in litt.). In contrast, whereas diets of some individuals in the C. haigi study population consisted primarily of P. pratensis, diets of other individuals were dominated by the grass Stipa speciosa (E. A. Lacey and M. Manacorda; in litt.). As a result, efforts to characterize spatial distributions of critical food resources focused on Poa for C. sociabilis and on Poa and Stipa for C. haigi. Data on spatial distributions of these grasses were obtained during 16 November-28 December 1999, with additional sampling of Stipa at the C. haigi study site completed during 1-3 December 2001. Because Stipa grows in discrete perennial clumps, its distribution should not have changed substantially between sampling periods in 1999 and 2001.
Visual inspection revealed that each study site was characterized by 5-7 readily identifiable vegetation types, each of which consisted of a distinct mixture of plant species. For each vegetation type, we collected and counted all Poa and Stipa stems (i.e., all stems exiting the soil) present in 5 plots measuring 0.25 by 0.25 m each; this plot size was chosen because it approximated the area over which individuals of each species forage from a single burrow entrance. The mean number of grass stems per 0.25-by 0.25-m plot was calculated for each vegetation type. These data were used to estimate the number of grass stems present in larger plots (2 by 2 m and 10 by 10 m; see below) distributed throughout each study site.
The locations of 10-by 10-m plots were determined following the same procedure used to identify soil sampling locations, with the criterion that each plot contained Ն1 active tuco-tuco burrow. Within each 10-by 10-m plot, the number of grass stems was estimated for 25 nonoverlapping 2-by 2-m subplots. This sampling regime was used to allow analysis of the spatial distribution of grasses within each 10-by 10-m area (roughly the size of a C. haigi burrow system or the burrow system of a single female C. sociabilis) as well as across each study site (across all 10-by 10-m plots per site). The number of nonoverlapping 10-by 10-m plots sampled per study area was determined primarily by the size of each site.
Estimated numbers of grass stems in 2-by 2-m and 10-by 10-m plots were analyzed using the Morisita standardized index (Smith-Gill 1975) , which is thought to be one of the most robust indices of spatial dispersion available (Krebs 1999) . Values generated by this index range from Ϫ1 (indicating a uniform distribution) to 1 (indicating a highly clumped distribution), with a 95% confidence interval (CI) at Ϯ0.5 (Smith-Gill 1975) . Morisita standardized index values were calculated for each 10-by 10-m plot on the basis of estimated numbers of grass stems in the 25 associated 2-by 2-m plots. An overall Morisita standardized index was calculated for each study site on the basis of estimated numbers of grass stems in all 10-by 10-m plots located in that area.
Data analysis.-Because data on soil parameters were not consistently normal in distribution and were typically characterized by unequal sample variances, nonparametric tests were used to compare soil humidity, density, and penetrability at the 2 study sites. Similarly, nonparametric tests were used to compare Morisita index values generated for 10-by 10-m plots from different study areas. For analyses of soil particle sizes, we used nonparametric tests to compare the mean percentage (by mass) of soil at each study site that was trapped by each mesh size. Although data from different mesh sizes were not strictly independent of one another, the absence of significant differences between means at all mesh sizes should indicate that the distributions of soil particle sizes did not vary between study areas. In all cases in which multiple comparisons of the same variable were conducted, a Bonferroni correction (Rice 1989 ) was applied to P-values generated by these analyses. All statistical analyses were conducted using the Statistica 5.1 software package (Statsoft, Inc. 1997) . Means Ϯ 1 SD are reported throughout the text.
RESULTS
Habitat use.-Both study sites consisted primarily of arid, precordilleran steppe grassland that was dominated by coirón duro (S. speciosa) and neneo (Mulinum spinosum). This habitat was punctuated at irregular intervals by patches of wet meadow known as mallines, which were characterized by pasto mallin (P. pratensis), juncos (Juncus balticus), coironcito (Carex), and several other species of mesic-habitat vegetation. All members of the study population of C. sociabilis were resident in mallin habitat. In contrast, whereas roughly onehalf of the animals in the C. haigi study population were resident in mallin habitat, the remaining individuals occurred in steppe habitat. Because the 2 habitat types were clearly distinct and appeared to be associated with different vegetation types and soil conditions, data from C. haigi in mallin as compared to steppe portions of the San Ramón study site were analyzed separately.
Soil characteristics.-Mallin soils from both study sites were similar in color and texture and were easily excavated during FIG. 1.-Comparisons of density, humidity, and penetrability for soil samples collected at study sites for Ctenomys sociabilis and C. haigi (abbreviated C. soc and C. hai). C. haigi was sampled in both mallin (m) and steppe (s) habitats; soil samples from the 2 habitats were analyzed separately. C. sociabilis was sampled only in mallin habitat. a) Mean density of soil samples from each site; data from C. haigi in steppe habitat are not included because the extreme hardness of steppe soil prevented the collection of appropriate samples; b) mean percentage humidity of soil samples from each site; ← and c) mean penetrability of soil samples. Sample size is given within each bar. Significant pairwise contrasts are indicated with an asterisk (Mann-Whitney U-tests, all significant P Ͻ 0.0013, Bonferroni corrected ␣ ϭ 0.017). sample collection. In contrast, soil from the steppe portion of the C. haigi study site was noticeably lighter in color and was considerably more difficult to excavate; the hardness of this soil precluded collection of samples appropriate for analyses of soil density. The mean density of soil samples from mallin areas did not differ between study sites (Mann-Whitney U ϭ 49.0, n ϭ 10, 10, P ϭ 0.97; Fig. 1a) .
Soil samples from the steppe portion of the C. haigi study site tended to be less humid than those from mallin areas (Fig. 1b) , although pairwise comparisons revealed no significant differences in mean percentage humidity among habitat types or study sites (Mann-Whitney U-tests, all P Ͼ 0.040, Bonferroni-corrected ␣ ϭ 0.017). Soil penetrability did not differ between mallin areas (Mann-Whitney U ϭ 29.0, n ϭ 10, 10, P ϭ 0.12; Fig. 1c) . The force required to penetrate steppe soil, however, was significantly greater than that required to penetrate mallin soils from either study site (MannWhitney U-tests, both P Ͻ 0.0013, Bonferroni-corrected ␣ ϭ 0.017; Fig. 1c) .
The mean percentage (by mass) of soil particles of a given size differed between habitats only for particles that were small enough to pass through the smallest (2 m) mesh size examined (Kruskal-Wallis H ϭ 11.08, n ϭ 25, d.f. ϭ 2, P ϭ 0.0039, Bonferroni-corrected ␣ ϭ 0.0063; all other mesh sizes, P Ͼ 0.294; Fig. 2 ). This result was due to the greater percentage of particles Ͻ2 m in size in steppe soils. This finding was not, however, offset by significant differences in the mean percentage of soil trapped at other mesh sizes, suggesting that the overall distribution of soil particle sizes did not differ between sites. Thus, the FIG. 2.-Comparisons of particle-size composition of soil samples collected at the study sites for Ctenomys sociabilis and C. haigi. For each study site, the mean percentage of total sample mass composed of particles of a given size was determined for 8 particle-size classes (2-2,000 m). As in Fig. 1 , samples for C. haigi were partitioned according to habitat type. Significant differences between habitat types for mean percentages of soil trapped at a given mesh size were detected only for the 2 m mesh, with steppe soil having a greater percentage of particles that passed through the 2 m mesh size than either mallin sample. (Kruskal-Wallis H ϭ 11.08, d.f. ϭ 25, P ϭ 0.0039, Bonferroni corrected ␣ ϭ 0.0063). primary soil difference revealed by our analyses was the greater force required to penetrate samples from steppe versus mallin areas (Fig. 1c) .
Spatial distribution of food resources.-Diets of individual C. haigi appeared to be strongly associated with habitat type, with tuco-tucos resident in mallin areas consuming primarily Poa and tuco-tucos resident in steppe areas consuming primarily Stipa (E. A. Lacey and M. Manacorda, in litt.) . Given this dietary difference, we documented the spatial distribution of Poa for C. sociabilis and C. haigi in mallin habitat but documented the spatial distribution of Stipa for C. haigi in steppe habitat. In mallin areas, mean Morisita index values for 10-by 10-m plots were 0.20 Ϯ 0.52 (n ϭ 20, range ϭ Ϫ0.67-0.59) for C. sociabilis and 0.39 Ϯ 0.35 (n ϭ 17, range ϭ Ϫ0.56-0.57) for C. haigi. The mean Morisita index value for C. haigi in steppe areas was 0.27 Ϯ 0.45 (n ϭ 17, range ϭ Ϫ0.56 to 0.51). Pairwise comparisons revealed no significant differences between these means (Mann-Whitney U-tests, all P Ͼ 0.168, Bonferroni-corrected ␣ ϭ 0.017), suggesting that at the scale of individual burrow systems, distributions of critical food resources did not differ between habitats or study sites.
Across habitat types (data for all 10-by 10-m plots for the same study species and habitat type combined), the spatial dispersion of critical food resources was nearly identical. The Morisita standardized index value for both C. sociabilis and C. haigi in mallin habitat was 0.52. The Morisita standardized index value for C. haigi in steppe habitat was 0.51. Each of these index values was outside of the 95% CI for the Morisita standardized index (Ϫ0.5-0.5), indicating that distributions of grasses in both habitat types were clumped. The extreme similarity of the index values calculated for these habitats suggests that spatial distributions of grasses in these areas did not differ significantly, providing no evidence that patchiness of critical food resources varied between study sites for C. sociabilis and C. haigi.
DISCUSSION
Our analyses indicate that rainfall and distribution of food resources do not explain behavioral differences between the study populations. Of the environmental parameters examined, only soil penetrability and abundance of the smallest soil particles varied significantly between study sites; these differences reflect the presence of C. haigi, but not of C. sociabilis, in steppe habitat. Thus, in the Limay Valley, it is the solitary tuco-tuco, C. haigi, that occurs in harder, presumably more difficult-to-excavate soils. With regard to the aridity-food distribution hypothesis, 2 of 3 key ecological parameters did not vary between study sites and the observed relationship between soil hardness and social behavior was the opposite of that expected, indicating that this hypothesis was not supported by data from our study populations. If the patterns of habitat use that we documented are characteristic of these species, then our data suggest that ecological arguments developed for bathyergid mole-rats do not account for observed differences between the social systems of C. sociabilis and C. haigi.
The failure of our data to support the aridity-food distribution hypothesis may reflect the uncertain status of this hypothesis with respect to animals in mesic habitats. Alternatively, sociality in ctenomyids may be influenced by ecological factors other than those identified as important to bathyergids. Although both tuco-tucos and African mole-rats inhabit underground burrow systems, they exhibit a number of differences in habitat use and foraging ecology that may influence costs of burrow excavation. Notably, whereas bathyergids forage primarily upon subterranean geophytes and tubers (Brett 1991; Spinks et al. 2000a ), many ctenomyids, including C. sociabilis and C. haigi, forage almost exclusively on surface-growing vegetation (Busch et al. 2000 ; E. A. Lacey and J. R. Wieczorek, in litt.). Although ecological analyses of group living in these animals have emphasized the spatial distribution of critical food resources, it is possible that the very different natures of the food items consumed by African mole-rats and tuco-tucos also influence burrow excavation, perhaps by determining how frequently animals must extend their tunnels to locate new food resources. Thus, although costs of burrow excavation may be important to both taxa, the specific ecological factors that determine these costs may vary between ctenomyids and bathyergids.
One ecological variable that was not considered in our study is predation. Neither is predation addressed by the aridity-food distribution hypothesis, even though bathyergid mole-rats are preyed upon by a variety of snakes (Braude 1991; Brett 1991; Jarvis and Bennett 1991) and, possibly, several species of birds and mammals (Jarvis and Bennett 1991) . With regard to group living, Jarvis et al. (1994) suggested that no qualitative differences are evident in either the nature or relative abundance of species that prey on solitary versus social mole-rats, implying that interspecific differences in predation are unlikely to underlie behavioral differences between solitary and social mole-rats. Data regarding predation on tuco-tucos in the Limay Valley are similar; the suite of species (e.g., caracaras, Milvago chimango; barn owls, Tyto alba; foxes, Dusicyon australis) known to prey on tucotucos (E. A. Lacey and J. R. Wieczorek, in litt.) is the same for both study populations and, in many cases, individual avian predators can be observed hunting over both study sites. Noticeably absent from the valley are snakes, weasels, and other predators capable of entering tuco-tuco burrows. Thus, although quantitative differences in predation pressure have not been examined, there is no evidence to suggest that qualitative differences in predation contribute to observed differences in social behavior between C. sociabilis and C. haigi.
More generally, group living is thought to occur when ecological conditions make it unlikely that individuals dispersing from their natal area can establish themselves as breeders elsewhere in the environment (Emlen 1982; Lacey and Sherman 1997; Solomon 2003) . Although the inability of lone animals to excavate adequate foraging tunnels represents one such constraint on dispersal, numerous other factors also may lower the probability of successfully establishing residence in new habitat. For example, the spatial distribution of suitable settlement sites and the nature of the intervening habitat may significantly affect dispersal success. C. sociabilis and C. haigi disperse above ground (E. A. Lacey and J. R. Wieczorek, in litt.), as do members of at least some species of bathyergid mole-rats (Bennett and Faulkes 2000; Braude 1991; Busch et al. 2000) . As a result, differences in either spatial distributions of suitable habitat or risks associated with aboveground movement may lead to interspecific differences in the frequency of natal dispersal. In habitats in which natal dispersal is unlikely to be successful, individuals remain in their natal burrow system, leading to the formation of social groups. Given the variety of factors that influence the success of natal dispersal (Emlen 1991; Solomon 2003) , it is not unreasonable to expect that the specific ecological variables that favor philopatry differ between mole-rats and tuco-tucos.
With regard to tuco-tucos in the Limay Valley, it is possible that the failure to detect significant ecological differences between our study populations reflects the limited spatial scale over which data were collected. Habitat use by these species has not been characterized previously, and thus it is not known if the study sites that we examined are representative of the areas typically occupied by C. sociabilis and C. haigi. To address this issue, we currently are expanding the scope of our ecological comparisons to include multiple populations of each species located throughout the floor of the Limay Valley. Although still preliminary, data obtained to date indicate that, at larger spatial scales, there is a tendency for C. sociabilis to be restricted to more mesic areas such as mallines (cf. Pearson and Christie 1985) , resulting in pronounced differences in the range of habitats used by each study species. Given this apparent difference in habitat specialization and the distribution of mallin as compared to steppe habitat in the Limay Valley, the spatial distribution of suitable environments may differ significantly between our study species. Specifically, suitable habitat may be much more patchily distributed for C. sociabilis than for C. haigi, which may lead to a reduced probability of successful dispersal and an increased tendency toward natal philopatry in the former species. To explore this hypothesis in greater detail, future studies of C. sociabilis and C. haigi will focus on interactions between habitat use and sociality at this larger spatial scale.
What do our findings for ctenomyids imply regarding general ecological explanations for group living among subterranean rodents? Efforts to link ecology and soci-JOURNAL OF MAMMALOGY ality have typically emphasized basic environmental factors that are likely to affect a diverse array of animal taxa (Alexander 1974; Emlen 1982) . The search for general ecological explanations for behavior reflects the fundamental assumption of behavioral ecology that, when faced with similar selective pressures, animals exhibit similar behavioral responses (Crook 1970) . The expectation that group living is associated with a prescribed set of ecological conditions has been particularly relevant to biologists studying subterranean rodents because these animals are commonly thought to share numerous ecological traits resulting from life in underground burrows (Nevo 1979) . As comparative data on the biology of subterranean species have accumulated, however, it has become apparent that these animals can exhibit considerable variation in their adaptive responses to shared environmental challenges . At the same time, subterranean habitats appear to be more variable than has been traditionally recognized , suggesting that environmental pressures associated with apparent behavioral or other phenotypic convergences also may vary.
From an evolutionary perspective, it seems likely that the phylogeographic histories of different subterranean lineages have interacted with their current ecological settings to shape patterns of phenotypic variation, including observed patterns of social behavior (Lessa 2000) . Thus, while sociality consistently may be associated with certain general ecological conditions (e.g., limited opportunities for natal dispersal), specific environmental factors that promote group living (e.g., costs of burrowing, distribution of suitable habitats) may vary among taxa because of differences in historical selective pressures experienced by these animals. Further comparative studies of the ecology of group living in subterranean and other rodents should serve to delineate the extent to which burrow sharing and other apparent convergences in social behavior reflect shared versus taxon-specific environmental conditions. RESUMEN La vida en grupo es un componente importante de la biología social de numerosas especies de roedores. Durante las últimas dos décadas, los esfuerzos por comprender los factores ecológicos asociados con la vida en grupo en roedores se han centrado en taxa subterráneos, en particular en las ratas topo africanas de la familia Batiergidae. Análisis comparativos sobre los hábi-tats ocupados por batiérgidos solitarios y sociales sugieren que la vida en grupo surge cuando los efectos combinados de precipitaciones esporádicas, suelos de alta dureza y recursos distribuidos en parches hacen que los costos energéticos de excavación de la cueva resulten prohibitivos para individuos solitarios. Con el objetivo de determinar si dichas variables estaban asociadas con la vida en grupo en otros taxa subterráneos, caracterizamos las diferencias ecológicas entre un miembro solitario y uno social de un linaje de roedores subterráneos filogenéticamente independiente, la familia Ctenomyidae. Específicamente, cuantificamos las condiciones del suelo y la distribución espacial de los recursos alimenticios en una población del tuco-tuco solitario patagónico (Ctenomys haigi) y otra del tucotuco colonial que vive en grupos (C. sociabilis). Ambas especies se encuentran distribuidas en el Valle del Río Limay, en el sudoeste de Argentina. Nuestros análisis revelaron que miembros de ambas especies ocupan el hábitat relativamente mésico de los mallines, pero solo C. haigi ocupa el hábitat de la estepa árida. No se encontraron diferencias en la distribución espacial de los recursos alimenticios entre los dos sitios de estudio. Sin embargo, se detectaron diferencias significativas en las condiciones del suelo; los suelos del hábitat de estepa resultaron significativamente más duros que los suelos de las áreas de mallín, sugiriendo que los costos de excavación podrían ser mayores para la especie solitaria C. haigi.
Por lo tanto, los datos obtenidos para ctenó-midos del Valle del Limay no son consistentes con las explicaciones sugeridas para la vida en grupo en los batiérgidos. Aunque se requieren comparaciones ecológicas a mayores escalas para los ctenómidos, nuestros datos sugieren que la interacción entre las características ecológicas y la vida en grupo podrían ser mas diversas que lo propuesto anteriormente.
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